We present an overview of the organic matter distribution in surface sediments sampled on the Gulf of Lions margin from 600 to 2,300 m depth. Surface deposits are characterized by a "fluff" layer a few millimeters to a few centimeters thick. In the underlying fine-grained sediments, the carbonate content is high (30% DW), and the organic carbon content varies from 0.3 to 1% (DW). The highest organic carbon contents are along the axes and on the sides of the canyons (0.6-l%) and constitute midslope organic depocenters. The organic carbon content at 1,000 m depth depends on the width of the adjacent shelf. The lowest organic carbon value corresponds to the slightest declivity and, consequently, to a longer advective residence time.
Many scientists consider continental slopes, rather than shelves, to be the major depocenters for carbon (e.g. Venkatesan et al. 1988; Walsh 1991; Anderson et al. 1994) . Sedimentary burial of organic material (OM) in marginal areas of the ocean (continental shelves and slopes) constitutes a major mechanism for removing nutrient elements from the oceans (Romankevich 1984) . Two assumptions have been made about the fate of particulate carbon on slopes: the major part of the organic carbon (OC) produced in shelf ecosystems is exported laterally; a high percentage of the carbon flux that reaches the slope sediment-water interface escapes remineralization (Reimers et al. 1992 ). In the northwestern Mediterranean margin, the proportion of OC exported from the shelf has been estimated to be 50% of the total carbon flux measured in coastal zone. Advective input of fresh OM on the slope reaches a maximum in late winter-early spring (Buscail et al. 1990) .
We have studied the OM distribution in the surface deposits (O-l cm) of the slope and rise of the NW Mediterranean margin between 600 and 2,300 m depth. We took biomarkers such as lignin, amino acids, and more particularly sugars into account in determining the origin of sedimentary OM. The variability of the sedimentary OM quan-' Present address: Laboratoire des Echanges Particulaires aux Interfaces, Universite de Toulon et du Var, ISITV, BP 132, Avenue de l'universite, 83957 La Garde Cedex, France.
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Material and methods
Study site-Investigations were focused in two areas of the Gulf of Lions (northwestern Mediterranean Sea): one at the eastern entrance of the gulf, off the Rh8ne River (Rhodanian Margin) ; the other at the western end of the gulf, adjacent to the Pyrenean coastline (Pyrenean Margin) (Fig.  1) . Each area corresponds to a complete margin system, including shelf, slope incised by canyons, and rise. Depocenter zones are present in both areas in the form of prodeltaic accumulations on the inner shelf and deep-sea fans on the continental rise.
The Gulf of Lions has a complex bathymorphology that results from structural and sedimentary processes (Canals and Got 1986) . Numerous canyons indent the continental slope from east to west: the Marseille (Msl), Grand Rh6ne (GR), Petit RhGne (PR), Aude, Pruvot, and Lacaze-Duthiers (LD) canyons (Fig. 1) . The continental slope and the channel system down the canyons are described as a mosaic of different physiographic sites.
We took 80 sediment samples in the axial channel of six canyons, on the adjacent open slopes between channels, and in the deep-sea fans of both Rhodanian and Pyrenean continental slopes ( Fig. 1 ; Tables 1, 2 ). Surface sediments were sampled seasonally. On the Pyrenean margin, 25 sediment samples were collected in the area of the Lacaze-Duthiers canyon ( Table 2 ). The position of the sites was defined by transit satellite, combined with updated dead-reckoning and Loran C.
The hydrodynamic, hydrological, and primary production characteristics have been described previously (Jacques 1988; Cruzado and Velasquez 1990; Durrieu de Madron et al. 1990 ). The general circulation is oriented from east to west in the Gulf of Lions (Liguro-Provencal current) and consists of a current that follows the continental slope along the coast of Provence into the Gulf of Lions (Millot 1990 ).
Sampling and analyses-All parameters detailed below were measured from subsamples of the first centimeter of sediment collected with a USNEL-type box corer (surface area of 2,500 cm2). The box was divided into four square subcores of 625 cm2 to limit mixing during retrieval. Only boxes with limpid supernatant water were analyzed. Sediment samples were frozen on board immediately after collection. Chemical compounds were analyzed using milled, freeze-dried, weighed subsamples.
Total (TC) and organic carbon (OC) were measured by combustion in a LECO analyzer after acidification with 2 N HCl for OC and total OM (TOM) (=OC X 2) (Gordon 1970) . Calcium carbonate content was calculated from mineral carbon using the molecular mass ratio 100112 (i.e. CaCO,/C). OC was also measured in the pelitic fraction of sediment, i.e. sediment passing through a 40-pm sieve. Hydrolyzable organic carbon (HOC) is given by the fraction of TOC hydrolyzed by 6 N HCl for 16 h at 110°C. Total nitrogen (TN) was determined by the Kjeldahl method, as performed with a Btichi automatic analyzer. TN was obtained after mineralization (H,SO, + catalyst at 400°C). Amino acids were assayed by a calorimetric method on a Technicon automatic analyzer (Stevenson and Cheng 1970) . Total sugars (SUG) were measured as glucose equivalents by calorimetry (phenol-sulfuric acid method; Dubois et al. [ 19561 as adapted for sediments by Liu et al. [1973] ). Individual sugars were determined by high-pressure liquid chromatography (HPLC) following the method described by Germain (1989) and Mopper et al. (1992) . Sugars were separated by anion-exchange chromatography on DIONEX BIOLC resins (HPIC-AS6-10 pm and HPIC-AS6-5 pm) and detected by triple-pulsed amperometry in the oxidative mode (EG&G model 400 electrochemical detector). Lignin is oxidized by alkaline nitrobenzene to yield products that include the phenolic aldehydes: vanillin (Van) and syringealdehyde (Syr), determined by capillary gas chromatography (Pocklington and MacGregor 1973) .
A more detailed study of the kerogen composition (including humic and humin matter content) was carried out for representative sites located on the Pyrenean slope (Lacaze-Duthiers canyon). Kerogens were extracted by alkaline solvents (10.1 N NaOH-1% Na,P,O,; Debyser and Gadel 1983) . Dissolved organic carbon (DOC) was determined in the acid-soluble fraction (2 N HCl), total humic substances, and fulvic acids. A continuous flow system based on UV oxidation #and CO, quantification with a flame ionization de- tector was used for DOC measurement. The sensitivity of the method is given as 10 pg C liter-' (Cauwet 1984) . Organic budgets (org C, N, hydrolyzable C, amino acids, and sugars) in the first centimeter of sediments were calculated at several stations (representing axes, canyon sides, open slopes, and transects across the canyons at 1,000 and 1,800 m). The results presented in Table 3 are a compilation of data from the four seasonal sampling sessions. Mean values were calculated as described in Table 3 and are plotted in Fig. 3 .
Results
Surface deposits are characterized by a thin unconsolidated layer, from a few millimeters to a few centimeters in thickness. This "fluff" is very fluid, uncompressed, ochre to brown in color, and looks like an accumulation of large flakes. OM was measured in the first centimeter of the underlying deposits. Oxidized surface layers are brown muds, rich in interstitial water (100% water content). The granulometric composition at the head of the canyons, on the open slopes and deep-sea fans varies from 60 to 70% pelites (<40 pm). The proportion of pelites is as high as 90% along the axis and sides of the canyons. In these fine-grained sediments, carbonate content is high, 30% of the total sediment (DW). OC content varies from 0.6 to 1%. For sediments characterized by a lower OC content (from 0.3 to 0.6%), carbonate values are between 33 and 49% of the total sediment (DW) (Fig. 2) . Carbonate-rich sediments belong to the deepest zones, between 1,500 and 2,300 m, where lithogenic sedimentation on the slope is replaced by biogenic sedimentation. In fan deposits, the biogenic fraction dominates due to abundant planktonic foraminifera (Venec-Peyre 1990).
OC content and C: N ratio-The distribution of OC in surface sediments from the coastal zone to the open sea is summarized in Fig. 3a . On the continental shelf, the prodelta accumulation zones in front of the river mouths are rich in OC (5-15 mg g-l). Shelf sediments between 50 and 200 m depth are poor in OC, i.e. 4-6 mg g-l in circalittoral muds and 2-5 mg g-l in silts. On the adjacent slope, OC content is high in muddy deposits in canyons (6-9 mg g-l). OC content is lower in the open slopes between canyons (4-6 mg g-l). At the bottom of the slope, in the deep-sea fans (1,700-2,300 m), it is -4 mg g-l.
The slope between 500 and 1,500 m depths is rich in OC (Fig. 3a) . The highest OC contents are observed in muddy accumulations that have formed on the axis and the canyon sides (0.6-0.96%). Between 300 and 1,500 m, higher OC concentrations are found along the north or east sides. In the deepest zones, this asymmetrical distribution of OC disappears.
The open slopes between the PR and GR canyons and between the LD and Pruvot or Creux canyons have lower OC concentrations (0.5%). In the middle of the slope (1,000 m), the OC content varies from 0.6 to 0.9% depending on the canyon. Inverse relationships exist between OC content and hydrolyzable OC at 1,000 m and the width of the adjacent shelf, i.e. the virtual distance (vd) of particle transfer across the shelf from the epicontinental source to the canyon head (Fig. 4a,b) . We have also analyzed the ratios between the virtual transfer distance (vd) occurs between OC content and declivity of the canyon bed between 200 and 1,000 m. The lowest OC value corresponds to the slightest declivity and, consequently, a longer advective residence time (Fig. 4~) .
From 1,000 to 1,800 m, OC contents decrease by half. OC contents are between 3.7 and 4.1 mg g-l in the deepest zone of the PR, GR, and LD canyons. In the Msl canyon, at 2,000 m depth, OC reaches 8.8 mg g-l.
At 1,000 m depth in the Gulf of Lions, C : N ratios vary from 9.3 to 9.8 with an average of 9.4. A C: N >lO in sediment is considered as representing degraded organic detritus with low nutritional value (Parsons et al. 1977) . Oceanic sediment C : N ratios are normally higher than phytoplanktonic, zooplanktonic, zoobenthic, and bacterial C : N ratios. They are lower than terrestrial ratios, e.g. of angiosperms. Monoley and Field ( 199 1) proposed C : N = 6 for nano-and netphytoplankton, C : N = 4 for bacteria, and C : N = 4.5 for flagellates and micro-and mesozooplankton. Assuming an average C : N value of 5 for plankton and 9.4 for sediments along the northwestern Mediterranean continental slope, our sediments were on average 48% poorer in N than initial material. This decrease implies a breakdown of nitrogenous compounds as a selective mode of organic matter destruction. These processes occur more in slope sediments than in deeper deposits where the organic supply is low. Fig. 3 . Distribution of organic carbon (OC) (a), hydrolyzable organic carbon (HOC) (b), amino acids (c), and sugars (d), in surface sediments of the NW Mediterranean margin between 300 and 2,300 m. Plotted values are average calculated as described in Table 3 . Hydrolyzable OC-OM in canyon surface deposits is heterogeneous. HOC ranges from 0.7 to 4.5 mg g-l and represents 20-55% of TOC (Table 3) . At 1,000 m depth, HOC concentrations present higher values on the Rhodanian slope (52%/TOC) (Fig. 3b) . In the area between 700 and 1,500 m, HOC contents exceed 4 mg g-l in the axes and along the north and east sides only.
From 1,000 to 1,800 m, in the Marseilles canyon, surface sediments contain higher concentrations of OC (8.2-8.9 mg g-l), HOC (3.4-4.5 mg g-l), and amino acids (2.4-3.1 mg g -I) than in th e other Gulf of Lions canyons. Along the Msl canyon axis, HOC content increases with depth.
At 1,800 m, HOC decreases regularly from east to west, that is to say from 48% of TOC in the Msl canyon to 20% of TOC in the LD canyon (Fig. 3b) . In the latter, HOC regularly decreases between 850 and 1,800 m, from 46 to 20% of TOC, suggesting significant organic matter degradation and formation of more refractory compounds.
Amino acids and sugars-The proportion of amino acids in the first centimeter of the deposits varies from 700 to 3,600 pg g-l, i.e. 13% of TOM (Table 3 ; Figs. 3c, 5). The highest values (-3,000 pg g-l) are observed in sediments at 1,000 m in the axes of the Msl, Aude, and LD canyons; in contrast, the amino acid concentrations are lower in the PR and GR canyons (l,lOO-2,000 pg g-l). Concentrations of amino acids are poorer in the deepest areas (1 ,OOO-1,500 pg g--l), notably in the PR and GR deep-sea fans (1,700-2,300 m). The fan deposit of the LD area is characterized by the lowest amino acid content (700 pg g-l).
Concentrations of carbohydrates (glucose equivalents) in surface sediments vary from 600 to 3,000 pg (eq glucose) g -I at 1,000 m (Table 3 , Fig. 3d ). Concentrations increase regularly from east to west (1,200 ,ug g-l, 7%/TOM in the Msl canyon to 2,300 pg g-l, 15%/TOM in the LD canyon). Along the canyon axes, there is a higher proportion of carbohydrates at 1,800 m on the Rhodanian slope (2,000 pg g-l, 20-25%/T OM). In the LD and Msl canyons, concentrations halve between 1,000 and 1,800 m.
In the Gulf of Lions, the spatial variability of sugar concentration appears to be complex. Sugar composition is related to the particular sedimentation site. At 1,000 m, higher concentrations (1,600 and 2,300 pg g-l) are found for the Aude and LD canyons. In deeper sediments, sugar concentrations are higher in the Rhodanian canyons (1,700-l ,900 pg g-l) than in the other canyons. At the entrance to the Rhodanian system, in the Marseille canyon, sugar content in surface sediments decreases with increasing water depth and reaches particularly low values (1,200 pg g-l recorded at 1,000 m and 600 pg g-l at 1,800 m).
Total sugars were analyzed by two different methods. Highest values were obtained with the phenol-sulfuric acid method (Fig. 6) . Only monosaccharides and sugar alcohols were detected by HPLC. The refractive polysaccharide (e.g. cellulose) was not determined with the hydrolysis technique used that results in a relative underestimation of total concentrations. On the other hand, the calorimetric method determines amino acids and uranic acids in addition to monosaccharides and sugar alcohols. Glucose monomers from cellulose are liberated during strong hydrolysis. Further- SUGARS in mg C eq glucose 8-l Fig. 5 . Relationships between organic carbon (OC) and amino acid content (a) and between OC and sugar content (b) in surface deposits of the NW Mediterranean margin between 300 and 2,300 m. more, this technique may be subject to interferences and hence overestimation of concentrations. The richer in OM the material the higher the content in organic compounds that are likely to interfere with the phenol-sulfuric acid procedure.
Organic compounds and bathymetric zones on the slope-
The distributions of various organic variables are compared for three bathymetric zones: 300-700 m, 700-1,500 m, and 1,500-2,300 m. Average values have been calculated from all available data from the Gulf of Lions (Table 3) . Sediment settling on the midslope (700-1,500 m) is enriched in OC. At this depth, organic matter is more labile, as shown by higher concentrations of hydrolyzable C and amino acids (Fig. 7) . Sugar concentrations are lower than those measured for the upper slope (300-700 m) and to a lesser extent for fan deposits (1,500-2,300 m). This decrease can be explained by the fact that sugars have a much higher degradation potential. At the outlet of the canyons, deep-sea fans are characterized by the lowest organic contents. However, the proportion of labile carbon (amino acids and sugars) is relatively high. These compounds represent 40% of the OM in the deep-sea fan deposits and only 25% in the upper slope (300-700 m). Consumption by benthic heterotrophic activity is reduced in the deepest areas. Meiofaunal abundance decreases significantly with increasing water depth. On the upper slope, between 600 and 1,300 m, meiofauna densities range from 233 to 1,005 ind. per 10 cm2, with an average of 505 ind. per 10 cm2. Between 1,700 and 2,300 m, the average abundance is 90 ind. per 10 cm2. Viable bacteria counts vary greatly in space, but they decrease significantly with increasing depth. The average is 1.8 X 1O-5 colonyforming units (CFU) ml-' on the upper slope and 7.8 X 10e4 CFU ml-' on the lower slope (De Bovee et al. 1990; Delille et al. 1990 ). Sedimentation rates and OC accumulation-On the Pyrenean slope, sedimentation rates have been correlated with OC concentrations at 30 sites located between 200 and 1,800 m (Fig. 8) . The main physiographic divisions are axis, sides, open slope, and fan. In the axial channel of the LacazeDuthiers canyon, sedimentation rates increase from the head (2 cm per 10,000 yr) to the deepest zone (100 cm per 10,000 yr in the deep-sea fan), and OC contents decrease from 0.85 to 0.35%. The material that settles in the deep-sea fan (large accumulation at the bottom of the slope) comes from resuspended sedimentary material transferred by turbidity currents. In fan deposits, the high-end of the silt fraction (>40 W3 pm) dilutes the organic content. This coarse material of turbiditic origin represents 50% of the total deep-sea fan sediment, and only 10% on the upper slope (Courp and Monaco 1990) .
The OC content differs on canyon sides. We have considered the upper and lower canyon and the eroded and settled sides (Fig. 8) . In the upper canyon, OC contents are higher on the sedimented sides than on the eroded sides owing to a better OC preservation in the zones characterized by a high sedimentation rate. On the sides with high sedimentation rates, OC content is high on the upper slope (0.7-0.85%) and lower on the lower slope (0.55-0.65%) (Fig. 8) . The open slope functions in an entirely different way. Values of OC are similar and low (0.45%) from 400 to 1,200 m. Sedimentation rates are low at 400 m but high at 1,200 m (Fig.  8) . At 1,200 m, high sedimentation rates reflect reworked sediment in which most of the OM has already been degraded.
Nature of sedimentary OM across the margin-In Table   4 , total organic variable (C : N), biochemical compounds, and soluble (humic matter) and insoluble (humin) proportions of kerogen are compared across the continental slope along a transect of the Pyrenean margin from the shelf to the deep-sea fan.
On the slope, surface sediment organic contents (OC, nitrogen, amino acids, and sugars) are about twice to three times as high as those recorded in the coastal zone or in the deep-sea fan (Table 4) . On the other hand, lignin (terrestrial marker) is five times higher on the continental shelf (Buscail et al. 1995) . Lignin represents 0.09% of TOC in the deepsea fan deposit and 0.02% on the slope due to a concentration of woody detritus in the silty fan deposits (Pocklington et al. unpubl.) . At midslope, the TOC increase corresponds to an increase of hydrolyzable carbon, mainly represented by nitrogenous compounds (nitrogen, amino acids).
In the Pyrenean margin, the soluble and insoluble kerogens represent 22-50% and 30-70%, respectively, of TOC (Buscail and Gadel 1991) . OM is six times more soluble in slope surface sediments (28%/TOC) and deep-sea fan (67%/ TOC) than in the coastal zone (8%/TOC) ( Table 4 ).
In the deep-sea fan of the Pyrenean margin, humin is lower (33% of TOC) than for the slope and continental shelf (60 and 90%, respectively). In this deep-sea fan deposit, OC concentrations are low (0.4% DW) with values similar to those recorded on the shelf; OM is less degraded than in the coastal area.
Discussion
OC and HOC distribution and present mechanisms of sedimentation-In the middle of the Gulf of Lions slope, canyon axes have a higher OC content than adjacent open slopes. On the open slope between the GR and PR canyons, the annual near-bottom flux of OC is 1.7 times lower than in the axial channel of the GR canyon (Buscail and GuidiGuilvard 1993) . Open slopes are characterized by low OM inputs at the sediment-water interface. This indicates that canyon axes are a more active zone for the transfer of OM than open slopes. This channelization occurs along the entire Gulf of Lions. At 1,000 m, we can assume that the residual vertical OM flux resulting from surface productivity is the same all over the Gulf of Lions. Consequently, the advective input of OM and the associated dilution phenomena may explain the regular decrease of the OC values with increasing width of the shelf from east to west and with increasing distance between the shelf break and 1,000 m depth contour. If we compare canyon axes at 1,000 m, the lowest OC value corresponds to the slightest declivity between 200 and 1,000 m and, consequently, the longest advective residence time.
The OC content decreases by half between 1,000 and 1,800 m, which is due partly to increasing distance from continental OM sources. It also can be attributed to an increase in prediagenetic OC degradation during transit through the deeper water column.
OM degradation increases with the distance traveled over the continental shelf, which affects the lability of material trapped in the canyons. The high proportion of HOC in the Rhodanian canyons corresponds to a shorter advective transfer than in the LD or Aude canyons. In the deep part of the Pyrenean slope, the particularly low proportion of HOC results from the gradual degradation of OM along the canyon axis and confirms the importance of advective inputs in the western part of the Gulf of Lions compared to the eastern part. The lowest hydrolyzable OC content is found in the LD canyon, which is farthest from the Rhodanian source and distributed by the generally east-to-west circulation of the Liguro-Provencal current. In the upper reach of this canyon, organic material is prediagenetically degraded before it reaches the bottom because it is for the most part delivered from the epicontinental zone (shelf sedimentary resuspension; Buscail et al. 1995) . Down canyon, advective OM transfer is slow due to the lower declivity of the floor. This slowness may explain the very low proportion of HOC (20% of TOC) at 1,700 m in the deep-sea fan at the foot of the LD canyon.
These results argue that organic sedimentation on this margin has an epicontinental source in which fluvial inputs dominate. In the Gulf of,Lions, the Rh8ne river discharges between 2.2 and 5 X lo6 tons yr of suspended solids and is the major source of sedimentary material (Leveau and Coste 1987) . The OC content of fluvial particles varies with river discharge, but it always remains within the range of 3-6%. The annual OC input to the Gulf of Lions has been estimated as between 5.6 and 11.2 X lo4 tons yr (average about 8 X lo4 OC tons yr ; Cauwet al. 1990 ).
Biomarkers of origin and sedimentation processes-By comparison with other deep areas, OM in surface sediments on the continental slope of the Gulf of Lions is enriched in amino acids (13%/TOM). In the Black Sea, sediment amino acid concentrations range between 1,551 and 7,373 rug g-l (average 3,650 pg g-l). In Black Sea muds, as well as in ocean sediments, amino acids are only minor constituents; they account for 0.7-5.4% and 1.8-6.3% of the TOM, respectively (Romankevich 1984) . In the Gulf of Biscay (Cap Ferret canyon) between 1,000 and 3,000 m, the first centimeter of these deposits contains an average concentration of 1,461 pg g-l and a range from 1,358 to 1,603 pg g-l (6% of OM) (Etcheber et al. in prep.) . In the Gulf of Lions, the high proportion of amino acids in surface sediments (13% of TOM) can be related to abundant clay and fine carbonates. Both negatively (acidic amino acid) and positively (basic) charged species would interact with the charged exchange sites provided by clay minerals and carbonates in the sediments. Adsorption on clays inhibits utilization of amino acids by microorganisms that prefer dissolved forms in interstitial water (Christensen and Blackburn 1980) .
With respect to the general distribution of sugars, their concentrations and proportion in the TOM are high in the Gulf of Lions margin (7-25% of TOM). By comparison, carbohydrate concentrations in the northwestern Indian Ocean (Oman Sea) range from 2,094 pg g-l at 1,000 m, to 1,060 pg g-' at 2,500 m, and 1,040 pg g-l at 4,000 m (respectively, 3, 8, and 10% of OM) for the surficial sediments located on a transect in the Oman margin. The latter is an area of high primary productivity, receiving no important river discharge. Overlying waters are characterized by a distinct oxygen deficiency. Organic deposits are, hence, mainly autochthonous. These are favorable conditions for preservation during transit through the water column. These conditions also explain the high concentration of OM in surface sediments at all depths (OC = 1.4-6.9%) (Sautriot 1978) . On the North Atlantic margin (Cap Ferret canyon in the Gulf of Biscay) between 1,000 and 3,000 m, the first centimeter of these deposits contains an average concentration of 288 ,ug g-l (from 227 to 346 pg g-l). These low values are related to an important mineral particulate flux into this canyon (Etcheber et al. in prep.) .
Sugar of terrestrial origin is largely refractive (e.g. cellulose), whereas marine sugars mainly consist of labile carbohydrates. The decreasing sugar concentrations observed in the Marseilles canyon suggest that sugars are essentially of planktonic origin and have undergone a prediagenetic degradation during transfer from the euphotic zone to the surficial sediments. The Marseilles canyon, which is outside the influence of the Rhodanian system, is characterized by a different sedimentation mode. Organic inputs to the Msl canyon do not include detrital materials discharged by the RhGne River that are distributed westward by the general circulation. The Marseilles canyon is characterized by an autochthonous origin for sedimenting OM and by high primary production (120 g C m2 yr) (Jacques and Treguer 1986) .
No correlation has been observed between sugars or amino acids and TOC content in surface sediments of the Gulf of Lions margin (Fig. 5) . The absence of correlation underlines two important notions: quantity expressed by OC content and quality (labile character given by sugars and amino acids), which do not follow the same trend. Quantity and quality are a consequence of regional differences in the origin of the OM and in the residence times in the water column and at the sediment-water interface.
The distribution of organic compounds aids in understanding of the sedimentation processes within the inner canyons. In the upper slope between 300 and 1,500 m, higher OC concentrations are found along the north or east sides, which are located under the current and supplied by the settling of suspended particulate matter transported by the general circulation.
In this area, the quality of settled OM shows that surface sediments of the axes and E and N sides are enriched in labile compounds. Amino acid concentrations exceed 3 mg g-l only in th e sediments of these sites that are particularly enriched in sugars. These sugars are transferred, with the mineral charge, by advection from the epicontinental zone to the upper slope and have a terrestrial origin. At the outlet of the canyons, homogeneous sugar concentrations characterize the axes and sides regardless of their orientation. In this case, these sugars have a planktonic origin (more precisely, phytoplanktonic: carbohydrates represent 40% DW of the green algae, 60% DW of the diatoms, and 80% DW of the peridinians, whereas zooplankton contains <30% DW of carbohydrates; Hut 1980) . The kerogen distribution also provides insight into the OM sedimentary system. On the pyrenean margin, the higher OM solubility is directly related to increasing depth and distance from the coast. The long transfer period increases the amount of acid-soluble and humic compounds. Vanden-broucke et al. (1985) have studied the composition of kerogen in surface sediments along a transect at Cape Blanc (Mauritania). They related the increase in the hydrolyzable and humic fractions to fragmentation of the organic macromolecules by oxidative cleavage during a long transfer period. In contrast, the more condensed organic macromolecules (humin) decrease in insoluble kerogen.
At midslope in the canyon axis, the increase of TOC corresponds to a high proportion of OC found in humin fraction (kerogen). This increase of condensed macromolecules results from an active benthic heterotrophic activity corresponding to an increase of the OC fluxes at the sedimentwater interface (Buscail and Guidi-Guilvard 1993) .
Sedimentation rates and OC-The margin is characterized by a preferential accumulation of OC at midslope in the axial channels of the canyons. In the case of high sedimentation rates on the accreting sides, the decrease of OC content between upper and lower slope results from degradation of OM during the transfer of advective inputs from the upper to the lower part of the canyon. In the upper part of the open slope, sedimentation rates are low and residence times at the sediment-water interface are long, allowing for substantial early diagenesis. Surface OM is highly degraded and similar to OM found 12 cm deep in the sediment (Buscail 199 1) . In the open slope of the lower slope (at 1,200 m), the high sedimentation rate results in reworked sediment in which most of the OM has already been degraded. Pelet (1985) has shown that OC concentrations tend to zero with decreasing sedimentation rates and reach a plateau when sedimentation is high (>50 cm 10,000 yr). In this latter case, organic content is highly diluted by the terrigenous inputs. In the Gulf of Lions continental slope, OC concentrations in surface sediments can exhibit a positive relationship with sedimentation rate. However, in some zones, OC content varies while sedimentation rates remain unchanged. It appears that hydrosedimentary factors can modify the OM concentration at different accumulation sites. The spatial variability of OM transport on the slope and, consequently, the residence times in the water column are important factors. Moreover, sedimentary reworking is frequent and increases the residence time of the sedimentary material at the sediment-water interface.
Conclusion
In the northwestern Mediterranean Sea, the Gulf of Lions margin is an interesting site because OM originates from a variety of sources including continental sources, when coastal rivers are seasonally active, suspended shelf and shelfbreak sediments, or marine biological production.
Variability is caused by various factors: regional difference in the origin of the OM, different residence times in the water column and at the sediment-water interfaces where OM keeps the effects of presedimentary alteration in the water column. In the midslope zone of the Gulf of Lions (500-1,500 m), the OM content is high. When compared to other oceans, the high proportion of amino acids (700-3,600 I-% is-'; 13% of OM) is related to important interaction with carbonates (30% DW) and with fine particles (50% <2 pm) that dominate at this depocenter. The concentration of sugars increase regularly from east to west. High concentrations in the western part probably result from continentally derived lignocellul,ose. These compounds are assumed to be transferred by advection with the mineral load from the epicontinental zone to the upper slope.
At a finer scale, variability can be linked to the complex bathymorphology of the slope. Four kinds of differences have been observed: first, between canyons and open slopes, preferential OC accumulation occurs in the axial channel of the canyons; second, intercanyons depending on their position in or out of the general cyclonic circulation (LiguroProvengal current) and the width of the adjacent shelf (i.e. the distance between the coast and the head of the canyon); third, innercanyon between axis and sides, at midslope, a dissymmetry in organic content exists between sides that are oriented differently to general circulation; along the axis, in the lower canyon axis, the low OC content (0.35% DW) corresponds to sedimentary material transferred by turbiditic currents. By comparison, OC is 0.85% DW in the upper axis, which is exposed to fresh epicontinental input. The proportion of hydrolyzable OC decreases with traveled distance. The soluble and insoluble kerogen distribution indicates increasing OM solubility that is directly related to increasing distance from the coast. All these characteristics confirm the epicontinental organic input transfer to the bottom of the slope via channels. Last, along open slope, the unvarying low OC content results from two kinds of mechanisms: in the upper open slope, low sedimentation rates correspond to a long residence time at the sediment-water interface and, consequently, a low percentage of OC; in the lower open slope, higlh sedimentation rates result from sedimentary reworking that destroys most of the OM.
